Introduction {#sec1-0300060519851328}
============

Total knee arthroplasty (TKA) has been proven to be an extremely successful procedure for relief of chronic pain associated with degenerative joint disease in patients of advanced age.^[@bibr1-0300060519851328]^ The postoperative knee range of motion (ROM) is a crucial factor for patient satisfaction after surgery. Decreased ROM can result in a poor quality of activities of daily living, such as kneeling, stair climbing, and rising from a seated position.^[@bibr2-0300060519851328][@bibr3-0300060519851328]--[@bibr4-0300060519851328]^ Despite improvements in surgical techniques, implant positions and designs, and postoperative management, postoperative stiffness is still a relatively common complication and has negative effects on the physical and mental health of advanced-age patients. The etiology of stiffness after TKA is most commonly multifactorial, and some factors are still controversial.^[@bibr5-0300060519851328]^ Manipulation under anesthesia (MUA) within 12 weeks after surgery may play a key role in improving outcomes for patients with stiffness after TKA.^[@bibr6-0300060519851328],[@bibr7-0300060519851328]^ In other words, MUA is an effective solution for poor postoperative ROM. In the present study, we focused on patients of advanced age with flexion contracture after TKA because this type of stiffness is associated with abnormal gait requiring excessive energy expenditure and quadriceps loading,^[@bibr8-0300060519851328]^ with an increased risk of pain, knee dysfunction, and patient dissatisfaction as shown by outcome scores.^[@bibr9-0300060519851328]^ Although some low-grade contractures after TKA may be eventually resolved,^[@bibr10-0300060519851328]^ contracture is likely to persist if lack of extension (\>15°) still exists 3 months postoperatively.^[@bibr3-0300060519851328]^

Establishment of a preoperative prediction model would be useful for improvements in the high morbidity, high costs, and poor quality of life associated with postoperative knee stiffness in patients of advanced age. Previous studies have shown that patient-related factors such as sex, race, and obesity were statistically significant risk factors for knee stiffness requiring MUA after TKA.^[@bibr1-0300060519851328],[@bibr11-0300060519851328],[@bibr12-0300060519851328]^ The present study was performed to develop a model for patients of advanced age undergoing TKA and to evaluate its effectiveness in predicting the need for MUA for flexion contracture postoperatively. Such a model would be an easy-to-use and economical tool for practitioners to prevent this type of stiffness.

Methods {#sec2-0300060519851328}
=======

This study was approved by Institutional Review Board of Xuanwu Hospital, Capital Medical University \[approval code: (2018) 047\], and written informed consent was obtained from all study participants. Using the clinical database at this institution, we retrospectively reviewed the data of advanced-age patients (≥60 years old) who underwent primary TKA from April 2012 to December 2016. We included only patients who underwent unilateral TKA and in whom the clinical outcomes were followed up for a minimum of 1 year. The patients had no other complications, such as malalignment, infection, or dislocation.

Clinical information was gathered and maintained in our database by an independent investigator. Information regarding demographics \[sex, age, and American Society of Anesthesiologists (ASA) grades\], preoperative clinical conditions \[knee diagnosis, diabetes mellitus, hypertension, lumbar spinal disorders, hip disorders, ankle disorders, knee varus/valgus, and preoperative flexion contracture (PFC)\], and postoperative flexion contracture evaluation were collected within 12 weeks after surgery.

Five knee diagnoses were assessed: severe osteoarthritis, traumatic knee arthritis, moderate to severe osteoarthritis, rheumatoid arthritis, and benign tumor of the knee. In addition, PFC was classified into four types: recurvatum of ≤9° to 5° of limited extension, 6° to 19°, ≥20°, and recurvatum of ≥10° according to the degree of extension loss.^[@bibr9-0300060519851328]^ The preoperative ROM of the knee and the Hospital for Special Surgery (HSS) knee score were also evaluated.

All surgeries were performed by the same group of surgeons using the same prosthesis (GENESIS II; Smith & Nephew, Memphis, TN, USA). The operations were performed under spinal anesthesia. All patients underwent a standard surgical procedure with the medial parapatellar approach. The tourniquet pressure was set at 280 mmHg. To achieve complete correction of flexion contracture, patients underwent the same 12-week rehabilitation protocol. They visited the rehabilitation department for training with crutches or walking aids and received daily physiotherapy while in the hospital, and ROM was increased as tolerated until discharge. At home, the patients continued the ROM and muscle-strengthening exercises according to the physical therapy plan.

The indication for postoperative MUA was flexion contracture of \>10° after 4 weeks of postoperative rehabilitation.^[@bibr13-0300060519851328][@bibr14-0300060519851328]--[@bibr15-0300060519851328]^ All patients in the study were divided into two groups: those who did and did not undergo MUA within 12 weeks after TKA.

All manipulations were performed under general anesthesia with the limb rotated into a neutral position. The surgeon pressed the knee joint with proper force for 10 to 20 minutes until full extension of the knee was achieved. After the MUA, the patients pressed the knee with a 4-kg sandbag by themselves (4 times per day, 15 minutes each time).

Using the outcome "MUA within 12 weeks postoperatively" as the positive level, the area under the curve showed whether the fitted logistic regression model effectively predicted this outcome.

Statistical analysis {#sec3-0300060519851328}
====================

Categorical data are presented as frequency (count) and percentage. The chi-squared test was used to compare the distribution of categorical variables in the two groups of advanced-age patients who did and did not undergo MUA after TKA. Numerical variables are presented as mean and standard deviation, and Student's t test was used to compare the mean values of the numerical variables between the two groups of patients. We established a logistic regression model of the surgical outcome on the following covariates: sex, age at time of TKA, diabetes mellitus, diagnosis of knee (osteoarthritis or rheumatoid arthritis), hypertension, lumbar spinal disorders, hip disorders, ankle disorders, PFC, preoperative HSS score, and preoperative ROM.

Results {#sec4-0300060519851328}
=======

Of 518 patients who underwent unilateral TKA and were followed up for at least 1 year, we excluded 249 because they could not undergo the standardized postoperative rehabilitation protocol for various reasons: periprosthetic infection (n = 13); other complications after TKA (n = 25); death unrelated to the surgery (n = 5); significant medical or mental problems unrelated to the surgery, including cardiovascular or cerebrovascular accident, malignant tumor, Parkinson's disease, and Alzheimer disease (n = 109); and lack of available clinical outcomes evaluated postoperatively (n = 97). Consequently, 269 patients (218 female, 51 male) were selected for the final analysis. Of these 269 patients, 30 (11.15%) underwent MUA within 12 weeks after surgery. [Tables 1](#table1-0300060519851328){ref-type="table"} and [2](#table2-0300060519851328){ref-type="table"} show the categorical variables and numerical variables of all patients. Through comparisons of the variables between patients who did and did not undergo MUA postoperatively, we found that patients who underwent MUA within 12 weeks after surgery had a significant difference in PFC (P = 0.002), higher HSS knee scores before surgery (59.10 ± 7.22 vs. 55.70 ± 13.09, P = 0.034), and lower preoperative ROM (81.57 ± 30.86 vs. 95.47 ± 24.36, P = 0.023). After MUA, the degree of postoperative flexion contracture was improved from 17.80° ± 5.51° to 4.30° ± 2.63°.

###### 

Patients' demographic information and potential risk factors for MUA.

![](10.1177_0300060519851328-table1)

  Parameters                                      With MUA        Without MUA     P value
  ----------------------------------------------- --------------- --------------- ---------
  Age                                             67.17 ± 6.73    68.53 ± 7.98    0.312
  Sex                                                                             
   Female                                         27              191             0.156
   Male                                           3               48              
  ASA class                                                                       
   I                                              0               1               0.831
   II                                             19              156             
   III                                            11              78              
  Diagnosis                                                                       
   Severe OA                                      29              195             0.171
   TA                                             0               1               
   Moderate OA                                    1               34              
   RA                                             0               1               
   Benign tumor                                   0               8               
  Diabetes mellitus                                                               
   No                                             17              136             0.980
   Yes                                            13              103             
  Hypertension                                                                    
   No                                             10              83              0.879
   Yes                                            20              156             
  Lumbar spinal disease                                                           
   No                                             28              228             0.329
   Yes                                            2               11              
  Hip disease                                                                     
   No                                             30              235             0.329
   Yes                                            0               4               
  Knee deformity                                                                  
   Neutral                                        19              198             0.051
   Valgus                                         3               8               
   Varus                                          8               33              
  Ankle disorder                                                                  
   No                                             30              233             0.231
   Yes                                            0               6               
  Preoperativeflexion contracture type                                            
   recurvatum of ≤9° to 5° of limited extension   3               49              0.002\*
   6°--19°                                        10              137             
   ≥20°                                           14              42              
   recurvatum of ≥10°                             3               11              
  HSS knee score                                  59.10 ± 7.22    55.70 ± 13.09   0.034\*
  ROM                                             81.57 ± 30.86   95.47 ± 24.36   0.023\*

Data are presented as mean ± standard deviation or number of patients.\*P \< 0.05 was considered statistically significant. MUA: manipulation under anesthesia; ASA: American Society of Anesthesiologists; OA: osteoarthritis; TA: traumatic arthritis; RA: rheumatoid arthritis; HSS: Hospital for Special Surgery; ROM: range of motion.

###### 

Statistical results of numerical variables.

![](10.1177_0300060519851328-table2)

                    With postoperative MUA   Without postoperative MUA   All     
  ----------------- ------------------------ --------------------------- ------- -------
  Outcome                                                                        
   Age              Mean                     67.17                       68.53   68.38
                    SD                       6.73                        7.98    7.85
   P value          0.3118                                                       
   HSS knee score   Mean                     59.10                       55.70   56.08
                    SD                       7.22                        13.09   12.60
   P value          0.0344                                                       
   ROM              Mean                     81.57                       95.47   93.91
  SD                30.86                    24.36                       25.49   
   P value          0.0233                                                       

MUA: manipulation under anesthesia; HSS: Hospital for Special Surgery; ROM: range of motion; SD: standard deviation.

A fitted logistic regression model of the surgery outcome (MUA within 12 weeks after TKA in advanced-age patients) was developed using the following covariates: age, sex, ASA class, disease diagnosis, diabetes, hypertension, hip/lumbar/ankle disease, knee deformity, PFC, HSS knee score, and ROM before surgery. The results showed that PFC, the HSS knee score, and ROM played significant roles in predicting the requirement of MUA ([Table 3](#table3-0300060519851328){ref-type="table"}).

###### 

Predictive results of logistic model.

![](10.1177_0300060519851328-table3)

  True results                                                   Predictive results   
  -------------------------------------------------------------- -------------------- -----
  With postoperative MUA                                         12                   18
  Without postoperative MUA                                      3                    235
  Accuracy: 0.9216, Sensitivity: 0.80000, Specificity: 0.92885                        

MUA: manipulation under anesthesia.

PFC played a significant role in predicting the surgery outcomes (P = 0.0016). Patients with PFC of ≥20° had a higher risk of requiring MUA than patients with PFC of recurvatum of ≤9° to 5° of limited extension (odds ratio, 6.94; 95% confidence interval, 1.32--36.60; P = 0.0224). Patients with PFC of ≥20° had a higher risk of requiring MUA than patients with PFC of 6° to 19° (odds ratio, 6.78; 95% confidence interval, 2.39--19.26; P = 0.0003). The receiver operating characteristic curve for our prediction model is shown in [Figure 1](#fig1-0300060519851328){ref-type="fig"}.

![Receiver operating characteristic curve for the fitted logistic regression model in predicting the need for manipulation under anesthesia within 12 weeks after total knee arthroplasty in patients of advanced age. The accuracy, sensitivity, and specificity of the model are shown in the figure. The area under the curve is 0.8929.](10.1177_0300060519851328-fig1){#fig1-0300060519851328}

The HSS knee score played a significant role in predicting the surgery outcomes (P = 0.0002). For each unit increment in the HSS score, the requirement for MUA increased by 0.087.

ROM played a significant role in predicting the surgery outcomes (P = 0.0259). For each unit increment in the ROM score, the requirement for MUA decreased by 0.021.

Discussion {#sec5-0300060519851328}
==========

TKA is a highly successful and cost-effective procedure.^[@bibr16-0300060519851328]^ As the demand for TKA continues to increase, especially in patients of advanced age,^[@bibr17-0300060519851328][@bibr18-0300060519851328]--[@bibr19-0300060519851328]^ stiffness following TKA can lead to more cases of continuous pain, knee dysfunction, and patient dissatisfaction.^[@bibr4-0300060519851328],[@bibr11-0300060519851328]^ Postoperative flexion contracture, a major type of stiffness, has negative effects on postoperative knee function and patient satisfaction.^[@bibr2-0300060519851328],[@bibr3-0300060519851328]^ Previous studies have shown that stiffness after TKA is often multifactorial and includes patient, implant, and surgical factors, and that MUA performed within 12 weeks postoperatively can increase the ROM of the knee and improve the patient's quality of life.^[@bibr5-0300060519851328],[@bibr20-0300060519851328][@bibr21-0300060519851328]--[@bibr22-0300060519851328]^ Therefore, in the present study, we particularly focused on postoperative flexion contracture requiring MUA. It is crucial to establish a predictive model including confirmed patient-related preoperative high-risk factors, which may help physicians to treat high-risk patients earlier and decrease the incidence of this kind of stiffness after surgery.

The incidence of stiffness after TKA reportedly varies from 2% to 12% based on the definition used.^[@bibr23-0300060519851328],[@bibr24-0300060519851328]^ Notably, the prevalence of postoperative stiffness requiring MUA in this study was 11.15%, higher than that in some previous studies because advanced-age patients were identified for the development of stiffness after TKA.^[@bibr10-0300060519851328],[@bibr19-0300060519851328]^ The definition of advanced-age patients in this study was ≥60 years. Currently, independent orthopedists determine the acceptable level of postoperative stiffness and requirements for manipulation, resulting in various reported rates of MUA. In this study, the indication for postoperative manipulation was the presence of flexion contracture of \>10° after 4 weeks of postoperative standard rehabilitation.

This study revealed risk factors for flexion contracture requiring MUA postoperatively among patients of advanced age undergoing TKA, and a prediction model was developed on the basis of these risk factors. Our findings suggest that the existence of PFC was a risk factor for postoperative stiffness treated by manipulation, which is partly in line with previous studies.^[@bibr9-0300060519851328],[@bibr10-0300060519851328],[@bibr24-0300060519851328]^ Meanwhile, different from other studies, the type of PFC among the advanced-age patients in this study was differentiated according to the contracture angle, and a higher need of MUA after surgery was seen in severe PFC (\>20°) than in PFC with recurvatum of ≤9° to 5° of limited extension or 6° to 19° of extension.

Our analysis suggests that the presence of poor ROM is a risk factor for postoperative stiffness requiring MUA in patients of advanced age, which is in agreement with previous studies.^[@bibr25-0300060519851328],[@bibr26-0300060519851328]^ Poor preoperative ROM resulted in contracture of the posterior capsule, tendon, and ligament, even if they were released during the operation, which might cause flexion contracture deformity postoperatively. Meanwhile, severe pain might reduce patients' satisfaction and functional exercise.^[@bibr27-0300060519851328]^

The mean HSS knee scores in both groups were \<60, indicating worse knee function. The HSS score also played a key role in predicting stiffness requiring MUA after surgery, in which higher scores were associated with a greater need of MUA. The reason could be complex and multifactorial. The HSS score is composed of six factors: pain (30 points), function (22 points), ROM (22 points), muscle strength (10 points), flexion deformity (10 points), and instability (10 points). Because of severe postoperative pain, knee movements and the elasticity inherent in the tendons, ligaments, and muscle are reduced, ultimately leading to limited flexion and the development of flexion contracture. Inflammation in the soft tissues leads to variable amounts of arthrofibrosis in these structures. The high degree of preoperative flexion deformity of patients tends to have a long course and the inflammatory state is relatively low, so the HSS pain scores might be higher. Moreover, the HSS knee score system is heavily weighted toward pain and might not reflect the real situation.^[@bibr23-0300060519851328]^

PFC and ROM have also been reported as high-risk factors for stiffness after TKA in previous studies, and the present study is the first to report the HSS knee score as a new risk factor in the prediction model. Several limitations of this study should be noted. First, the proportion of female patients was 81.04% (218/269), which caused significant skewing of the data. This female sex predominance among patients undergoing TKA has been previously reported.^[@bibr5-0300060519851328]^ Further studies are needed to extrapolate and generalize our model across a larger population of patients (especially male patients). Second, the inaccuracy of a goniometer, as a measurement tool for ROM, might have influenced the data as reported in previous studies.^[@bibr3-0300060519851328],[@bibr9-0300060519851328]^ Third, 249 patients who could not complete the 12-week rehabilitation protocol were excluded, which may have caused deviations in the statistical results. Finally, the relatively smaller sample size was another limitation of this study, and future studies with larger sample sizes should be encouraged.

Conclusion {#sec6-0300060519851328}
==========

The prevalence of advanced-age patients who required MUA for flexion contracture after TKA was approximately 11% in this study, and a prediction model based on risk factors (PFC, ROM, and HSS knee score) was highly effective in predicting postoperative stiffness treated by MUA.
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